T and TUT3581
T produced pink and brownish red cultures, respectively, and showed in vivo absorption maxima at 800, 858-859 and 892-895 nm in the near infrared region, indicating the presence of a core reaction centre and peripheral pigment complexes with bacteriochlorophyll a. The intracytoplasmic membrane system was of the lamellar type parallel to the cytoplasmic membrane. 16S rRNA gene sequence comparisons showed that strains TUT3542 T and TUT3581 T had the highest similarity level to Rhodoplanes oryazae NBRC 109406 T (99.6 %) and Rhodoplanes elegans AS130 T (99.3 %),
respectively. Genomic DNA-DNA reassociation studies revealed that strains TUT3542 T and TUT3581 T had hybridization levels of less than 62 and 56 % to the type strains of all established species of the genus Rhodoplanes, respectively. The G+C contents of genomic DNA were 67.7 mol% for strain TUT3542 T and 70.4 mol% for strain TUT3581 T . Results of phenotypic studies showed that the two novel strains could be differentiated from any of the previously described Rhodoplanes species. Thus, the author proposes the names Rhodoplanes tepidicaeni sp. nov. for strain TUT3542 T and Rhodoplanes azumiensis sp. Geothermal hot springs are common sources of anoxygenic phototrophic bacteria including Chloroflexus species as well as of thermophilic cyanobacteria [1] [2] [3] [4] . Previously, a number of mesophilic and thermotolerant strains of the phototrophic purple nonsulphur bacteria were isolated from Chloroflexus and cyanobacterial mats that developed in hot springs in Japan [2, 4] . These isolates were assigned to members of the genera Blastochloris, Phaeospirillum, Rhodoplanes, Rhodomicrobium, Rhodopseudomonas and Rubrivivax. During the course of a further survey of thermotolerant phototrophic bacteria in the geothermal springs, novel strains that could be assigned with the genus Rhodoplanes were isolated as reported herein. At the time of writing, the genus Rhodoplanes comprises seven established species [5] [6] [7] [8] [9] [10] , among which only Rhodoplanes tepidamans is thermotolerant as defined by the ability to grow at 45 C [6] . In this note, the author proposes the names Rhodoplanes tepidicaeni sp. nov. and Rhodoplanes azumiensis sp. nov. to accommodate the novel thermotolerant strains.
Sediment mud and cyanobacterial mat samples as the isolation sources were collected from the Nakanoyu hot spring, located in the Azumi district, Matsumoto, Nagano Prefecture, Japan (36 12¢ 25 † N 137 36¢ 21 † E). The in situ spring had a temperature of 53 C and showed pH 5.9 at the time of sampling. The collected samples were stored in vacuum bottles during transportation and used immediately upon return to the laboratory. Small portions of the samples were introduced into 20 ml screw-capped test tubes containing 10 ml of Rhodoplanes (RPL) medium (mineral base +0.1 % each of sodium pyruvate, sodium succinate and yeast extract+0.05 % Na 2 S 2 O 3 Á5H 2 O+vitamin B 12, pH 6.8) [6] , filled completely with the same medium and incubated at 42 and 50 C under incandescent illumination at 20 W m -2 . While incubation at 50 C resulted in the enrichment of orange-green Chloroflexus cultures, pink cultures were obtained at 42 C from both the mud and cyanobacterial mat samples after 2 weeks of incubation. These pink cultures were diluted decimally with RPL medium, spread onto RPL agar plates with 1.8 % (w/v) agar and further incubated anaerobically at 42 C in the light using the AnaeroPack system (Mitsubishi Gas Chemicals). Then, single colonies recovered on the RPL agar plates were picked up randomly and purified by repeated streaking of RPL agar medium. Thus, 20 strains of the phototrophic purple bacteria could be obtained from the enrichment cultures. Out of the 20 strains isolated, 18 had 100 % similarity levels of the 16S rRNA gene sequence to Rhodoplanes tepidamans DSM 9987 T (database accession number AB087718) and to Rhodopseudomonas sp. TUT3621 (AB250614) [2] . On the other hand, the remaining two strains, designated TUT3542
T and TUT3581 T , had 16S rRNA gene sequences closely related to but different from the previously established species of the genus Rhodoplanes. Thus, in this study, the two Rhodoplanes strains were further studied for taxonomic characteristics. T and Rhodoplanes tepidamans TUT3520 T were used. The strains with JCM and NBRC numbers were obtained from the respective public culture collections. The sources of the other strains have been described previously [6, 7, 9] . For testing and sub-culturing, the test strains were grown in RPL2 medium [11] , a modification of RPL medium in which 0.1 % sodium succinate was replaced by 0.1 % sodium DL-malate. This medium contained 1.8 % agar when used as a solidified medium. Unless otherwise indicated, all test organisms were anaerobically grown at [30] [31] [32] [33] [34] [35] C and a light intensity of 20 W m
16S rRNA gene fragments from cell lysates [12] were amplified by PCR with primers 27f and 1492r [13] , subcloned and sequenced using an automated DNA sequencer as described [14] . Sequence data were compiled using the GENETYX-MAC version 19.0 program (GENETYX) and subjected to multiple sequence alignment and calculation of nucleotide substitution rates (K nuc ) by Kimura's two parameter model using the CLUSTAL X program [15] . Phylogenetic trees were constructed by the neighbour-joining [16] , maximum likelihood [17] and maximum parsimony [18] methods using the MEGA version 6.06 program [19] . The topology of the phylogenetic trees was evaluated by bootstrapping with 1000 replications [20] . T was used as an outgroup to root the tree. Bootstrap values (as the percentage of 1000 replications) are shown at branching points. The accession numbers for the sequences used are shown in parentheses behind strain names. Filled circles show the nodes that were also recovered both in the maximum likelihood and maximum parsimony trees, whereas the filled square shows the node recovered by the maximum likelihood tree but not by the maximum parsimony tree. Scale, 0.01 substitutions per nucleotide position (K nuc ).
Since the similarity levels of 16S rRNA gene sequences between the two novel isolates and their phylogenetic relatives were more than 99 % as noted above, genomic DNA-DNA hybridization studies were performed to determine whether they represent novel genospecies within the genus. Genomic DNA was extracted and purified by the method of Marmur [21] , and DNA-DNA hybridization was carried out by the dot-blot hybridization method with chemiluminescence detection as described [11, 22] . The DNA of strain TUT3542
T used as the probe showed 50±3 and 62±4 % levvels of similarities to those of Rhodoplanes oryzae NBRC 109406
T and Rhodoplanes tepidamans TUT3520 T , respectively, and of less than 47 % similarities to those of other test strains of Rhodoplanes (Table S1 , available in the online version of this article). The DNA of strain TUT3581
T used as the labelled probe had similarity levels of 52±5 % to that of Rhodoplanes elegans AS130
T and of less than 48 % to those of other test strains of Rhodoplanes. Counter hybridization with Rhodoplanes elegans AS130 T , Rhodoplanes oryzae NBRC 109406
T and Rhodoplanes tepidamans TUT3520
T as the labelled probes showed similar values to those strains TUT3542
T and TUT3581 T (Table S1) . These hybridization data demonstrate that strains TUT3542
T and TUT3581
T represent respective distinct genospecies within the genus Rhodoplanes, in light of the lower limit (70 %) of DNA-DNA similarity values recommended for strains of a single species [23] . The G+C contents of genomic DNA as measured by an HPLC method [24] were 67.7 mol% for strain TUT3542
T and 70.4 mol% for strain TUT3581 T .
General cell morphology and motility was studied using an Olympus phase-contrast microscope equipped with the LuminaVision image analysis system (Mitani). Electron microscopic analyses of negatively stained cells and ultrathin-sections were performed using a JEOL transmission electron microscope as described previously [25, 26] . Absorption spectra of sonicated cell-free extracts and acetone-methanol (7 : 2, by volume) extracts from phototrophically grown cells were measured using a Biospec 1600 spectrophotometer (Shimadzu). Carotenoids from cells were extracted with the acetone-methanol mixture and then with 100 % acetone and analyzed by reverse-phase HPLC with methanol as the mobile phase as described previously [6] . Strains TUT3542 T and TUT3581 T had rod-shaped cells multiplying by budding and asymmetrical cell division ( Fig.  S1a-d) . Cells of strain TUT3542 T measured 0.88±0.12 µm (range, 0.8-1.1 µm) in width and 2.68±0.75 µm (range, 2-4 µm) in length, whereas those of strain TUT3581
T measured 0.95±0.13 µm (range, 0.8-1.1 µm) in width and 3.04 ±0.13 µm (range, 2-4 µm) in length. In both the strains, cells were actively motile at the logarithmic stage of growth and formed rosette-like clusters with tubes ( Fig. S1c, d ) in older cultures. It is worthy of note that cells of strain TUT3581 T exhibited time-dependent attached growth to the inner wall of test tubes which was not easily dispersed into the liquid phase by shaking. Electron microscopy showed the presence of a single polar flagellum in both the strains (Fig. S2a, b) . The intracytoplasmic photosynthetic membrane system of the two strains was of the lamellar type parallel to the cytoplasmic membrane (Fig. S2c, d ). The colour of phototrophically grown cultures was pink in strain TUT3542
T and brownish red in strain TUT3581
T , whereas aerobic cultures of the two strains grown by shaking in darkness were colorless. The cell-free extract from phototrophically grown cells of strain TUT3542
T showed absorption maxima at 376, 498, 529, 594, 800, 859 and 892 nm independent of light intensity for growth (Fig. S3a) . Similar spectral patterns with absorption maxima at 800, 859 and 892 nm in the near infrared region were obtained with the extract from low-light grown cells of strain TUT3581
T (2 W m -2 ), but the absorption peak at 892 nm declined as a shoulder at 895 nm in cells grown at a light intensity of 20 W m -2 (Fig. S3b) . These spectrophotometric features in the near infrared region indicate the presence of photochemical reaction centre and peripheral pigment complexes with bacteriochlorophyll a, but the absorption peak at 892-895 nm is unique for the phototrophic alphaproteobacteria. Photopigments extracted from both the strains with the organic solvent mixture showed an absorption maximum at 771 nm, thereby confirming the presence of bacteriochlorophyll a. The major carotenoid components were anhydrorhodovibrin, lycopene, rhodopin, spirilloxanthin and rhodovibrin in both the strains, which are similar to those of previously described species of the genus Rhodoplanes [6, 27] .
Chemotaxonomic information was obtained by studying cellular fatty acids, polar lipids and isoprenoid quinones. For cellular fatty acid analysis, cells from cultures at the late-exponential phase of growth in RPL2 medium were collected by centrifugation, washed and lyophilized. Whole-cell fatty acids were extracted as their methyl ester derivatives, separated by gas-liquid chromatography and identified using the MIDI Sherlock Microbial Identification System [28] . This analysis was outsourced to TechnoSuruga Laboratory Co., Ltd. (Shizuoka, Japan). Quinones and polar lipids were extracted from freeze-dried cells according to the protocol of Minnikin et al. [29] . Polar lipids were separated by two-dimensional thin-layer chromatography (TLC) using Merck 60 F 254 silica gel plates and developing solvents of chloroform/methanol/water (70 : 27 : 4, by volume) in the first dimension and chloroform/methanol/acetic acid/water (80 : 12 : 12 : 4, by volume) in the second dimension (modified after Oren et al. [30] ). Lipid components were detected by iodine vapor or spraying with 5 % ethanolic molybdophosphoric acid for total lipids, ninhydrin for aminolipids, molybdenum blue for phospholipids and the Dragendorff reagent for phosphatidylcholine [31] . Quinone components extracted were analyzed by spectrophotometry, TLC and reverse-phase HPLC as described [32, 33] . This study confirmed that strains TUT3542
T and TUT3581 T share the chemotaxonomic traits characteristic of Rhodoplanes species [6] . The major component of cellular fatty acids was C 18 : 1 !7c, and a considerable amount of C 16 : 0 was present ( Table 1) . The minor components (!2 %) were C 18 : 0 in strain TUT3581
T and 3OH-C 16 : 0 in both the strains. The major polar lipids of strains TUT3542
T were phosphatidylethanolamine, phosphatidylcholine, phosphatidylglycerol and diphosphatidylglycerol. However, there were differences between the two in the patterns of minor components including unidentified phospholipids (PL1-4) and aminolipids (AL1-4) (Fig. S4 ). An HPLC analysis revealed that ubiquinone-10 (Q-10) and rhodoquinone-10 (RQ-10) were the major quinones constituting 67-74 mol% and 23-31 mol% of the total content, respectively. Thus, the Q-10/RQ-10 molar ratios were 2.2 in strain TUT3542 T and 2.5 in strain TUT3581 T ( Table 1) . The minor component (!1 mol%) was Q-9.
Growth responses to different physiological conditions in terms of temperature, pH and salinity were studied using in 20 ml screw-capped test tubes completely filled with RPL2 medium. The effects of temperature on growth were determined in the test tubes submerged in a water bath at 20-50 C. For testing the effects of pH on growth, the medium was adjusted to pH 5-9 by titrating a solution of HCl, NaOH or Na 2 CO 3 . Salt tolerance was determined in RPL2 medium supplemented with 0.5-2.0 % (w/v) NaCl. Growth factor requirement was determined using mineral base RM2 [34] containing 0.1 % (w/v) sodium pyruvate and 0.1 % (w/v) sodium DL-malate as the carbon source. The test medium was supplemented with 0.05 % thiosulphate and a vitamin mix solution [35] from which a vitamin was eliminated. In some cases, the test medium was supplemented with 0.01-0.05 % yeast extract. Carbon nutrition tests were performed using mineral base RM2 supplemented with 0.05 % thiosulphate, 0.03 % yeast extract and vitamin B 12 (20 µg l -1 ) as the basal medium, to which a filter-sterilized and neutralized substrate was added to give a concentration recommended by Imhoff and Caumette [36] . Nitrogen nutrition tests were also performed using the same basal medium supplemented with 0.1 % sodium pyruvate, in which 0.1 % (NH 4 ) 2 SO 4 was replaced by an equal weight of different nitrogen compounds. All other physiological tests were carried out as described previously [7] . Like other test strains of Rhodoplanes, strains TUT3542
T were facultative photoheterotrophs that preferred anaerobic phototrophy to aerobic chemotrophy, as judged by studying their growth rates under anaerobic-light condition and aerobic-dark condition at full atmospheric oxygen tension. Anoxic denitrifying growth in darkness was possible in strain TUT3542 T but negative in strain TUT3581 T . No fermentative growth with fructose, glucose or pyruvate in darkness occurred in either strain. Strain TUT3542
T could grow at C (optimum, 40 C) and pH 5.5-8.5 (optimum, pH 6.3-7.0), whereas strain TUT3581
T was able to grow at C (optimum, 40 C) and pH 5.5-8.5 (optimum, pH 6.5-7.5). Strains TUT3542
T and TUT3581 T required no NaCl for growth but was able to grow at NaCl concentrations up to 1.5 and 1.0 % (w/v), respectively. The doubling times for strains TUT3542 T and TUT3581 T cultivated in RPL2 medium under optimized growth conditions were 5.0±1.0 and 4.3±1.2 h, respectively. Although vitamin requirement was satisfied by niacin and vitamin B 12 in strain TUT3542
T and only niacin in strain TUT3581 T , the addition of !0.01 % yeast extract stimulated growth significantly (ca. five-fold with 0.01 %) in both the strains. Strains TUT3542 T and TUT3581 T utilized thiosulphate but not sulphide as the electron donor for photolithotrophic growth in the presence of 0.03 % yeast extract. Carbon nutrition tests revealed that strain TUT3542
T grew well with pyruvate and malate, whereas pyruvate, citrate and malate supported good growth of strain TUT3581
T . Both the strains utilized ammonium, nitrate, urea and glutamine but not glutamate as the nitrogen source. Growth of the two strains with glutamine as the sole nitrogen source was accompanied by the accumulation of possible hydrogen gas in a Durham tube, suggesting that they are capable of nitrogen fixation. In strain TUT3542
T , however, the gas production was slow and weak. Other physiological characteristics of the two strains are shown in the descriptions of the species below.
As reported herein, strain TUT3542
T is phylogenetically most similar to Rhodoplanes oryzae and Rhodoplanes tepidamans, whereas strain TUT3581 T is most closely related to Rhodoplanes elegans at >99 % similarity levels of 16S rRNA gene sequences. However, genomic DNA-DNA hybridization studies have demonstrated that strains TUT3542
T and TUT3581 T represent respective distinct genospecies within the genus Rhodoplanes, in light of the recommended standard for a genetically coherent group of strains as a single species [23] . Also, there are a number of phenotypic traits that can differentiate the two novel strains from any of the previously described species of the genus Rhodoplanes (Table 2) . Although strain TUT3542 T has a relatively high level of DNA-DNA similarity (62 %) to its phylogenetic neighbour, Rhodoplanes tepidamans, this strain can be differentiated from the latter by a combination of in vivo spectral patterns, temperature for growth, vitamin requirement, carbon nutrition and genomic G+C contents. On the other hand, strain TUT3581
T is distinguishable from its closest relative, Rhodoplanes elegans, in in vivo spectral patterns, vitamin requirement, denitrification and carbon nutrition. Thus, the author proposes to create Rhodoplanes tepidicaeni sp. nov. for TUT3542 T (=KCTC 15602 T =NBRC 112815 T ) and Rhodoplanes azumiensis sp. nov. for strain TUT3581
T (=KCTC 15603 T =NBRC 112816 T ).
DESCRIPTION OF RHODOPLANES TEPIDICAENI SP. NOV.
Rhodoplanes tepidicaeni (te.pi.di¢cae.ni. L. adj. tepidus lukewarm; L. neut. n. caenum mud; N.L. gen. neut. n. tepidicaeni of lukewarm mud).
Cells are Gram-stain-negative rods measuring 0.9 µm wide and 1.5-3.5 µm long, and are motile by a single polar flagellum. Multiply by budding and form rosette-like clusters in older cultures. Colonies on agar media and liquid cultures are pink under phototrophic growth conditions and colorless when grown aerobically in darkness. Intracytoplasmic photosynthetic membranes are of the lamellar type parallel to the cytoplasmic membrane. Bacteriochlorophyll a and carotenoids of the spirilloxanthin series are present. The major carotenoid components are rhodopin, spirilloxanthin, anhydrorhodovibrin, rhodovibrin and lycopene. Phototrophically grown cells have absorption maxima at 377, 495-498, 533, 594, 800, 859-860 and 892-895 nm. Anaerobic photoorganotrophy is the preferred mode of growth, but aerobic growth in darkness occurs at full atmospheric oxygen tension. Anoxic denitrifying growth in darkness is also possible, but fermentative growth is negative. The temperature range for growth is 25-45 C (optimum 40 C). The pH range for growth is 5.5-9.0 (optimum pH 6.8-7.2). Growth occurs at a NaCl concentration of 0-1.5 % but fails at 2 % and more. Growth factor requirement is satisfied with niacin and vitamin B 12 Bacteriochlorophyll a and carotenoids of the spirilloxanthin series are present. The major carotenoid components are rhodopin, spirilloxanthin, anhydrorhodovibrin, rhodovibrin and lycopene. Cells grown phototrophically in dim light have absorption maxima at 376, 498, 529, 594, 800, 859 and 892 nm Anaerobic photoorganotrophy is the preferred mode of growth, but aerobic growth in darkness occurs at full atmospheric oxygen tension. Neither anoxic denitrifying growth nor fermentative growth in darkness occurs. The temperature range for growth is C (optimum 40 C). The pH range for growth is 5.5-8.5 (optimum pH 6.8-7.2). Growth occurs at a NaCl concentration of 0-1.0 % but fails at 1.5 % and more. Growth factor requirement is satisfied with niacin, and 0.01 % yeast extract stimulates growth significantly. Photolithotrophic growth is possible with thiosulphate but not with sulphide as the electron donor in the presence of 0.03 % yeast extract. Hot spring *Absorption maxima with shoulder (in parentheses) of cell-free extract from cells grown under high-light conditions. †Absorption maxima of the peripheral light-harvesting complex induced under low-light growth conditions. ‡Growth is significantly enhanced by the addition of !0.01 % yeast extract.
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